Background and Purpose-Lesion volume measured on MRI has been used as an objective surrogate marker for outcome in clinical trials. However, lesion volumes vary over time because of edema and tissue loss. This study aims to determine if lesion volumes measured at 30 and 90 days after ictus significantly differ. Methods-We performed a retrospective study of 18 patients who had acute (Ͻ24 hours) DWI and follow-up fluid-attenuated inversion recovery imaging at 5, 30, and 90 days. Two expert readers segmented lesions and the mean volumes of both reads were used in all statistical analyses. Results-Patient age was 65.8 (SD, 13.7) years and median NIHSS at baseline was 11.5. Inter-rater variability for lesion volume measurements was 3. [2] [3] [4] [5] DWI is used to detect ischemia during the acute period; 6 T 2 -weighted fluid-attenuated inversion recovery (FLAIR) imaging can likewise be used to visualize vasogenic edema and infarction in the subacute and chronic stages. 7 Standards of lesion measurement have been produced, 8 and acute lesion evolution in various settings has been investigated extensively. 9 -14 Less extensive, however, is the investigation of lesion volume during the chronic stage despite the use of final infarct volume as an outcome measure. There is no consensus of when final occurs, although 30 days 2,3 and 90 days 4,5 have been used as imaging end points in clinical trials. Earlier outcome times minimize both loss to follow-up and the occurrence of confounding adverse events unrelated to the acute intervention. The purpose of this study is to determine if lesion volume measured at 90 days could be approximated at 5 or 30 days, thereby reducing time to imaging outcome while remaining rigorous in a definition of final infarct volume.
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Patients and Methods

Patients
This is a retrospective analysis of patients who consented to a natural history protocol between June 2000 and January 2006. Inclusion criteria required an imaging-confirmed diagnosis of ischemic stroke that affected the anterior circulation, a baseline lesion volume Ͼ2 mL on DWI obtained within 24 hours of time last known well, and successful follow-up FLAIR imaging at Ϸ5, 30, and 90 days. Patients scanned at all time points were more likely to have received thrombolytic therapy. Patients with evidence of acute hemorrhage were excluded.
Image Analysis
Images were blinded to patient identifiers and time point. Lesions were traced according to the segmentation method described elsewhere 8 by 2 expert readers (M.R.G. and M.L.) using MIPAV (Medical Image Processing, Analysis, and Visualization, BIRSS; NIH, Bethesda, Md). Acute lesions were identified from traceweighted, diffusion-weighted images. Lesions on follow-up were identified from FLAIR images. Typical imaging parameters were as follows: DWI: bϭ0, 1000 sec/mm 2 , TR/TE Ϸ6000/72 ms; FLAIR: TR/TE Ϸ9000/140 ms; TI Ϸ2200 ms; FOVϭ22 cm; matrixϭ256ϫ128ϫ40; NEXϭ1; and resolutionϭ0.85ϫ1.7ϫ3.5, where TR indicates repetition time; TE, echo time; TI, inversion time; FOV, field of view; NEX, number of acquisitions.
Statistical Analysis
Values are reported as mean (SD [range]) unless otherwise noted. Normality was tested using the Shapiro-Wilk and KolmogorovSmirnov tests. The difference in lesion volumes vs time was investigated using paired t tests and Wilcoxon signed-rank tests for normally distributed and non-normally distributed data, respectively. The relationship between lesion volumes vs time was assessed using linear regression. PϽ0.05 was considered statistically significant.
Results
Patients
The total number of patients with all 4 imaging time points (acute, 5, 30, and 90 days) was 45. Of these, 16 patients had lesions that were Ͻ2 mL on acute DWI, 7 did not have lesions in anterior circulation, and 4 showed imaging evidence of acute hemorrhage. Eighteen patients met all inclusion/exclusion criteria and were included in further analysis. Mean patient age was 65.8 (13.7) years. Median (SD) NIHSS at baseline was 11.5 (6.7). Modified Rankin score was available at both 30 and 90 days for 15 of 18 patients; 7 of 15 and 11 of 15 were functionally independent (modified Rankin score Ͻ2) at 30 and 90 days, respectively. Eleven patients (61.1%) were male. The mean time from last known well until the acute DWI scan was 7.4 (6. 
Lesion Analysis
Inter-rater variability between the 2 readers for this study was 3.7 (5.8) mL. Mean lesion volume for the acute DWI was 19.3 (17.3) mL. Lesion volumes on follow-up FLAIR were 34.3 (23.5), 18.6 (14.0), and 15.9 (13.8) mL, for 5, 30, and 90 days, respectively. Lesion volumes expanded an average of 15.0 mL from the acute to 5-day period, decreased 15.7 mL in the 5-to 30-day period, with an additional 2.7 mL decrease from 30 to 90 days. These volumes (acute to 5, 5-30, 5-90, and 30 -90 days) differed significantly (PϽ0.01). There was no significant difference between acute to 30 (Pϭ0.744) or acute to 90 days (Pϭ0.064). Lesion volume evolution for a representative stroke patient from acute DWI to 90-day FLAIR is shown in Figure 1 .
The results for the corresponding linear regression may be found in Figure 2 . A strong correlation was found between all time points: r 2 ‫18.0؍‬ (PϽ0.001), 0.76 (PϽ0.001), and 0.93 (PϽ0.001), for 5 to 30, 5 to 90, and 30 to 90 days, respectively. The regression of 30-to 90-day volumes had a slope of 0.95, which did not differ significantly from a slope of 1.0 (Pϭ0.448). The regression of 5-day to 30-day and 5-day to 90-day volumes had slopes that differed significantly from a slope of 1.0: 0.54 and 0.51, respectively (PϽ0.001 for both). The intercept for all regression lines did not differ from zero (P‫,39.0؍‬ 0.57, and 0.27 for 5 to 30, 5 to 90, and 30 to 90 days, respectively). An association between change in lesion volume and change in modified Rankin score between 30 and 90 days was not observed in these data.
Discussion
The results of this study suggest that lesion volume measured at 30 days, but not at 5 days, may be an acceptable approximation of 90-day lesion volume. Although lesion volume was slightly larger at 30 vs 90 days, regression of 30-to 90-day volume indicated a strong relationship with a slope of 0.95 that did not differ significantly from 1.0. On average, there was a 5% decrease in lesion volume between 30 and 90 days. This volume difference was in the range of inter-reader variability 8 and unlikely to be of clinical significance. We conclude that 30 days is a reliable time point for measurement of final infarct volume.
Infarct volume can serve as a surrogate of clinical outcome in stroke trials. 10 Meaningful assessment of final infarct volume must therefore be made after a time sufficiently advanced through the course of lesion evolution to remove the confounding effects of edema. Between the acute and subacute stage, edema increases lesion volume, peaking at Ϸ3 to 8 days after ictus, after which it begins to subside. 10, 15 Loss of lesion volume at the chronic stage is attributable not only to resolution of edema but also to timely reperfusion of salvageable tissue, sulcal atrophy, ventricular enlargement, and hypodense cavities. 9, 16, 17 Our study demonstrates that lesion volume decreases by a significant factor between the subacute and chronic stages between 5 and 30 days.
Even though final infarct volume is overestimated at 5 days, there was a strong correlation with final infarct volume. If the regression of 5-day to final volume remains strong and robust in a larger sample, a 5-day measurement may poten- tially serve as an end point assessed while the patient is still in the hospital.
The data set involved in this study does have limitations. The sample size was small, and this was largely attributable to the difficulty in obtaining follow-up scans. Those patients who returned for scans at 90 days are likely patients who experienced less severe strokes. Larger samples with NIHSS more typical for stroke trials will be required to confirm the observations of this study. Additionally, reperfusion (spontaneous or therapeutic) is an additional cause of lesion volume dynamics between the acute and chronic course of a stroke; our imaging regimen did not gather perfusion data or incorporate it into this analysis.
The data presented herein indicate that 30 days after ictus is a sufficient time to wait in assessing final infarct volume. This provides practical guidance for selecting a time point to assess infarct volume in clinical trials. It also provides justification for comparing or pooling data from existing clinical trials using either 30 days 2, 3 or 90 days 4, 5 as an end point into a single cohort. Measuring lesion volume provides a useful quantitative measurement of stroke severity, but it cannot replace clinical outcome. Clinical scales provide an assessment more meaningful to the patient, relatives, and the costs of stroke to a health care system. They may also provide data for a discussion of neuroplasticity as a result of reorganization and rehabilitation. As a strong and tested surrogate, however, lesion volume assessment at 30 days balances 2 important factors that make it a preferable outcome time point by reducing loss to follow-up relative to a 90-day assessment while providing a good estimate of final infarct volume. , and (C) were well correlated (r 2 ϭ0.81, 0.76, and 0.93, respectively). Slopes and standard errors were calculated for t statistics to obtain probability values. The line between 30-and 90-day volumes in (C) did not vary from a slope of 1.0 (Pϭ0.448), whereas the lines in (A) and (B) did (PϽ0.001 for both). Calculations similar to the slope calculations were performed on the intercepts to test whether they varied significantly from zero, and none did; Pϭ0.93, 0.57, and 0.27 for A, B, and C, respectively.
